I. INTRODUCTION
In the sports industry, training sessions play an important role in improving athlete performance. Sports training and activity commonly involve biochemical reactions which lead to fatigue condition. Adequate rest will help the biochemical reactions return to a normal level and build more strength [1] . Fatigue after light exercise may disappear by itself after a while. This condition is named as normal fatigue (NF). In sports training, an athlete is commonly involved in high intensity exercise, where it needs a longer time to disappear [1] . This situation commonly occurs because it involves more biochemical reactions, and an inadequate recovery process may lead to more maladaptive hormonal responses appearing [2] . Maladaptive hormonal responses can be signified physically by the existence of signs such as muscle soreness and pain, restlessness, lethargy, performance reduction and psychological disturbance. This maladaptive condition is known in the sports industry as overtraining, and this paper refers to it as prolonged fatigue (PF). There are a few tools used to identify PF condition such as blood tests, muscle biopsies, athlete-coach monitoring and interview, training distress questionnaire, training log and Borg Scale [3] , [4] . A few research work indicates that surface electromyography (SEMG) can be used to identify similar conditions [5] . Advantages in using SEMG to identify NF and PF are its non-invasiveness, low cost and fewer protocols and procedures to conduct the measurement.
Amplitude and frequency features of SEMG may distinguish between NF and PF conditions. Under NF condition, frequency features of SEMG tend to decrease while under PF they tend to increase. However the amplitude features may increase and decrease under both conditions. During data collection, SEMG signals are disturbed by interference and noises. Low signal to noise ratio (SNR) may affect the accuracy of PF identification. In wavelet denoising process, the estimating threshold (Th) value will determine the SNR of SEMG after de-noising. Conventional Th estimation methods such as RigRSURE, HeurSURE and universal threshold are not suitable for de-noising SEMG signals since they tend to remove important information and keep the unwanted signals [6] , [7] . A new Th estimation method proposed by Jamaluddin et.al [6] successfully enhanced SNR and mitigated baseline noises compared to conventional methods. This paper investigates the implication of different Th estimation methods on SEMG in PF identification. The performance was evaluated based on percentage of accuracy in distinguishing NF and PF using the Naive Bayes classification technique.
II. METHODOLOGY

A. Experiment
Twenty healthy participants (age, 24 ± 4 year, and BMI: 22.7±2 kg/m 2 ) volunteered to participate in the study. The health of the participants was screened based on Par-Q and You questionnaire.
In the experiment, the participants were required to run on a treadmill based on Bruce Protocol. The participants were asked to take their meal two hours before the test to avoid dehydration and lack of energy. Measurements such as heart rate (HR), blood pressure (BP), psychology score and performance were checked to ensure the participants were fit to run. They should not have HR>100 beats per minute, BP >140/90, psychology score>14 and a performance decrease in previous running activity. During the experiment, endurance time was recorded and they needed to increase it on a daily basis to show performance improvement. The participants were allowed to stop whenever they experienced lack of energy, dizziness and blurred vision. The experiment was repeated for five consecutive days in order to induce PF condition. PF conditions experienced by the participants were verified by a sports officer based on their daily log records, 24-hours training distress questionnaire and a short interview. Each participant gave written consent to participate in the experiment, and the procedure was approved by the Ethics Committee, Universiti Putra Malaysia.
B. Data Collection
SEMG signals were collected from one of muscles from the quadriceps group, the rectus femoris. During running at 10° grade inclination, this muscle activate about 44±20% and generally suffer a high rate of injury in sports involving running [8] . The surface EMG acquisition system used consisted of an AD620 instrumentation amplifier, a National Instrument DAQ 6008 for data acquisition and logs with sampling rate of 1000 Hz. SEMG signals were acquired at pre and post running activity daily by using Ag/Ag Cl electrodes and the positioning were based on SENIAM standard. During SEMG measurements, the participants were in sitting position and were asked to flexed (10 seconds) and extended (10seconds) knee movements for three cycles to activate RF muscle. Other than SEMG, the maximal heart rate (HRmax) was observed to indicate the intensity of running activity. The PF condition on the participants were diagnosed by a sports officer based on diagnostic tools and signs observed. These were the training log (performance decrement (decrease in endurance time), restlessness (HR>100) and hypertension (BP>140/90), 24-hour training distress questionnaire (sleep disturbance, psychological disturbance and muscle soreness (scale 4-7)), and short interview (unexplained lethargy).
III. DATA ANALYSIS
A. Physiological Fatigue
HRmax at a range of 80-90% between 2 to 10 minutes are considered as high intensity exercise. It indicates that the participant was running at their maximal performance capacity and resulted in muscular fatigue. The training log, 24 hours training distress questionnaire and interview were evaluated for indications of NF and PF conditions.
B. SEMG
SEMG signals were pre-processed by high pass filter cut-off at 20 Hz to remove corner frequency. The SEMG signals decomposed at six levels of decomposition with 'db45' as mother wavelet (refer Fig.1 ), and then de-noised by using stationary wavelet transform (SWT). The threshold value estimated based on conventional methods (RigRSURE, HeurSURE, minimax, universal threshold) and the new method proposed by Jamaluddin et.al [6] :
1) RigRSURE RigRSURE estimated based on the principle of Stein's Unbiased Risk Estimate (SURE), and Th valued according to the adaptive Th method in minimizing risk: Th = σ√ω ( 1 ) Where ω is squared coefficient at a minimum risk and σ is the standard deviation of the noise.
2) Universal Th Method
Universal Th or also known as sqtwolog has a better performance compared to RigRSURE [9] . It estimated by equation:
Where N is length of signals.
3) HeurSURE The method is a combination of RigRSURE and Universal Th. If SNR is very small, SURE is estimated very noisy and universal Th estimation is used.
4) Minimax Method
This method is based on the minimax principle commonly used in statistics. A fixed Th is used to yield the minimax performance for mean square error against an ideal procedure. 5) Method proposed by Jamaluddin et.al [6] . In [6] (2):
The feature ΔF of NF and PF determined based on physiological condition. The ΔF acquired during the presence of PF symptoms were grouped as PF, while the rest were grouped as NF.
2) Classification
Naïve Bayes classification method used to distinguish NF and PF. A combination of time and frequency of SEMG features, (ΔMAV, ΔRMS, ΔFmed and ΔFmean) were used as features since the combination of features selection exhibit good classification accuracy. Table I show the results of physiological fatigue under PF condition based on diagnostics tools. 40% of participants (eight out of 20) were identified to have experienced PF symptoms by the sports officer. Table I shows that there were three PF signs successfully induced; muscle soreness, performance decrement and unexplained lethargy. This also indicates that these signs are the earliest signs developed to indicate overtraining stage and usually it requires a longer recovery period. The information in Table I were important in distinguishing SEMG features to be grouped into NF and PF condition, before proceeding for classification process in section IV (B). Table II shows a comparison between conventional and proposed Th estimation methods. It demonstrates that the methods were able to mitigate baseline values of SEMG and increase SNR value. Table IV also demonstrates that the proposed Th estimation method by Jamaluddin et.al in denoising process produced the smallest baseline noise value, 0.1mV compared to conventional methods such as RigRSURE, HuerSURE, Universal method and Minimax. Table III also shows that the highest SNR value after denoising process was produced by the proposed method by Jamaluddin et.al. This indicates that the baseline value of SEMG is closely related to SNR of SEMG. Mitigating baseline noises will help to enhance the quality of SEMG signals. Table II show that the formula of estimating Th value is not suitable to remove the targeted baseline noises. Although the methods are able to mitigate baseline noises, Table II shows that Th estimation done by RigRSURE and HeurSURE were only able to remove very small baseline noises. It indicates that estimation by unbiased risk is not competent to remove targeted noises in SEMG. Compared to the Th estimation proposed by Jamaluddin et.al, the cases used to determine level of Th at each decomposition details are more suitable compared to the conventional method. To demonstrate the significance of this method, the de-noised SEMG signal was used in NF and PF classification process. Table III shows that Th estimation by Universal and Minimax method were able to mitigate baseline value to 0.3mV and 0.4mV respectively, and these values were very close to the baseline value proposed by Jamaluddin et.al, Table III indicates that there are slightly large differences in the classification accuracy results. This situation might be because the Th estimated by Universal and Minimax were not only able to remove baseline noises, but statistical estimation made also removed essential information in the SEMG. The elimination of significant information in the SEMG led to lower classification accuracy. This demonstrates that the proposed method by Jamaluddin et.al was not only able to remove baseline noises, but the method was also able to preserve significant information in SEMG which led to the highest classification accuracy, specificity and precision. It also indicates that, other than eliminating noises during denoising stage, it is also crucial to note preserved significant information is more important. Loss of information might be followed by wrong interpretation and lead to incorrect diagnosis. 
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V. CONCLUSION
This paper successfully demonstrates that there are two important elements in the de-noising process; eliminating unwanted signals and noise, and preserving significant information. The paper demonstrates that the proposed method is able to meet both of the elements and thus have the highest classification accuracy in PF identification. The result can be employed in real sports industry for fatigue management, and thus injury statistics can be reduced.
